Background: KRAS gene mutations play an important role in the carcinogenesis of colorectal tumors. However, studies that have assessed the association between KRAS gene mutation status and disease characteristics report conflicting results. To assess KRAS gene status (mutated or wild-type) and its association with the clinical, epidemiological, and histopathological features of metastatic colorectal adenocarcinoma as well its association with clinical outcomes.
Introduction
Cancer poses a significant public health problem, as it is the cause of approximately 12% of deaths worldwide. Colorectal neoplasms are the third most frequent type of cancer among females and the fourth most common type of cancer among males and cause approximately 610,000 deaths per year worldwide. The number of new cases of colorectal cancer in Brazil was estimated as 14 cancer-related deaths in the United States in 2013, including 102,480 new cases of colon cancer, 40,240 new cases of rectal cancer, and 59,830 deaths by colorectal neoplasms. Thus, colorectal cancer is responsible for nearly 10% of cancerrelated deaths in the USA, with liver metastases being the main cause of death [1] .
Curative treatment is based on primary tumor resection and complementary adjuvant therapy when needed. The systemic treatment of advanced and metastatic disease has made significant advances in recent decades. Initially, only the anti-metabolic chemotherapeutic agent fluorouracil was available, and its use resulted in a mean survival of 12 months. The development of novel cytotoxic agents (irinotecan and oxaliplatin) improved survival (18 to 24 months), symptom relief, and quality of life. The current development of molecular targeted therapies has optimized the therapeutic response rates, increasing the overall survival to approximately 30 months [2] [3] [4] [5] .
The prognosis of patients with colorectal cancer depends on several criteria, including tumor staging according to the TNM classification (AJCC-American Joint Committee on Cancer /UICC-International Union Against Cancer) as well as histological and molecular characteristics [6] . The presence of obstructive, ulcerated, and perforated tumors, a lymph node ratio (LNR = ratio of the number of lymph nodes exhibiting neoplastic cells to the total number of dissected lymph nodes) higher than 0.16, mucinous histology, neuroendocrine component, signet ring and medullary cells, poorly differentiated or undifferentiated tumors, high cellular proliferation index, and KRAS gene mutation is associated with a high risk of relapse and disease progression [1, 6, 7] . In addition, the presence of metastasis (TNM stage IV), especially in the liver and/or lungs, is associated with an 8% reduction in the five-year survival. Liver and lung metastases are present in 20-70% and 10-20% of patients at the time of diagnosis, respectively [1] .
KRAS oncogenic mutations occur in approximately 40% of colorectal tumors. This phenomenon results in a mutated Ras protein that constitutively activates the epidermal growth factor receptor (EGFR) signaling pathway and stimulates cell proliferation and carcinogenesis through the mitogen-activated protein kinase (MAPK) signaling pathway [2, [8] [9] [10] .
KRAS mutations occur most frequently in codons 12 (80%) and 13 (17%). These mutations correspond to missense mutations (point change of a single nucleotide) and lead to the encoding of a different amino acid and the consequent synthesis of a functional or nonfunctional protein [10] .
Clinical studies demonstrate that the presence of KRAS mutations is predictive of resistance to anti-EGFR monoclonal antibodies and is associated with lower disease-free (DFS) and overall (OS) survival [4, 5, 11] .
The results of the major studies that have assessed the prognostic value of KRAS mutations are conflicting. Some studies have reported a correlation between the functional ability of mutated Ras protein, specific mutations, predictive value, and clinical outcomes [9, [12] [13] [14] [15] [16] . Andreyev et al (2001) conducted the largest study to date (3,439 patients with metastatic colorectal adenocarcinoma) that assessed the relative impact of various KRAS gene mutations. Multivariate analysis indicated that a single glycine-to-valine mutation in codon 12 exhibited a significant effect on DFS (P = 0.004, HR (Hazard ratio): 1.3) and OS (P = 0.008, HR: 1.5). Lievre et al (2008) conducted a study with 89 patients and reported that patients who exhibited mutated KRAS had poorer OS (10.1 versus 14.3 months, P = 0.026) and DFS (10.1 versus 31.4 weeks, P = 0.0001) compared with patients with wild-type KRAS. The KRAS mutation status behaved as an independent prognostic factor of OS (P = 0.0001) and DFS (P = 0.001) in multivariate analyses.
Milano et al (2008) conducted a study with 39 patients and observed an association between KRAS mutation status and tumor stage (52.9% of KRAS-mutated tumors were in stages II to IV versus 23.8% of tumors without the gene mutation, P = 0.035). Tie et al (2011) conducted a study with 100 patients with metastatic colorectal adenocarcinoma and found a significant association between KRAS mutation and lung metastases (62%), regardless of the primary tumor site (colon or rectum) (P = 0.003). In another study conducted at a national center, Ghezzi et al (2011) investigated 37 patients with metastatic colorectal adenocarcinoma and found no correlation between TNM stage and KRAS mutation status.
Li et al (2012) conducted a study with 78 patients with colorectal adenocarcinoma and reported a correlation between KRAS mutation status, liver metastases (P < 0.05), and poor tumor differentiation (P < 0.05). Univariate analysis revealed that KRAS mutation was predictive of poor OS (P = 0.023).
The present study investigated the presence of KRAS mutations (mutated or wild-type) and their association with clinical-epidemiological and histopathological tumor features as well as the clinical outcomes of patients with metastatic colorectal adenocarcinoma.
Methods
In this descriptive cross-sectional study, clinical and histopathological data were retrospectively collected from medical records and analyzed as a function of KRAS mutation status (mutated or wild-type RP-USP were included in the study. The non-parametric Kaplan-Meier estimator was applied to the analysis of survival, and the log-rank test was used to calculate the differences in the overall survival curves. Multivariate analysis was performed by means of binary logistic regression. The significance level was established as P < 0.05.
Results
The KRAS mutation status and the clinical and pathological tumor features were assessed in a total of 65 patients ( Table  1) . The sample comprised a slightly greater number of females (56.9%), and the mean age of the patients was 56.2 years (22 -84 years old). More than half of the participants (58.5%) exhibited an ECOG (Eastern Cooperative Oncology Group) performance status of 0 at the time of diagnosis. In approximately 56.9% of the cases, the primary tumor was a rectal adenocarcinoma, and 83.1% of patients did not exhibit obstructive and/or perforated acute abdomen at the time of diagnosis.
Approximately 53.8% of the participants were in stage IV of the disease at the time of diagnosis, and the metastases were classified as metachronous (metastases found at least six months after the diagnosis of the primary tumor) in 46.2% of the cases. Most tumors were pure adenocarcinomas (76.9%) and exhibited intermediate differentiation (84.6%). More than 90% of the participants were subjected to lymph node dissection, and 43.1% of these patients had more than 12 lymph nodes dissected. Approximately 56.6% exhibited an LNR above 0.16.
At the end of the follow-up and data analysis, 52.3% of patients exhibited liver metastases, and 66.1% of patients exhibit lung metastases. Disease progression or relapse occurred in 86.2% of the sample population. Mutations in the KRAS gene were identified in 49.2% of the participants.
The clinical and pathological features of the patients were correlated with the KRAS mutation status (Table 1) . Age less than 65 years, namely, that of the youngest participants, exhibited a significant correlation with the presence of the mutated gene (P = 0.046).
Molecular analysis was performed relative to the mutations in KRAS codons 12 and 13 in exon 2, including five mutations in the former codon and two in the latter ( Table  2 ). The mutations most frequently observed were as follows: G/A (62.5%), G/T (34.37%), G/C (31.25%), and Gly12Asp (34.37%).
No significant correlation was observed between the clinical and pathological features of the patients and KRAS mutation status (G/T and G/A) (gender, P = 0.447; age above 65 years old, P = 0.134; ECOG, P = 0.337; histological type, P = 0.606; degree of cell differentiation, P = 0.409; lymph node affection, P = 0.979; lung metastasis, P = 0.364, liver metastasis, P = 0.510; synchronous metastasis, P = 0.619; 
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obstructive/perforated acute abdomen, P = 0.447; tumor size, P = 0.447; and relapse of disease, P = 0.646).
Binary logistic regression was performed to assess the likelihood of liver metastasis as a function of the primary tumor site (colon or rectum) and KRAS mutation status (mutated or wild-type). Neither the tumor site nor the KRAS mutation status were found to influence the likelihood of liver (P = 0.160) or lung (P = 0.579) metastasis. The primary colon tumors were associated with an increased risk of liver metastasis, and the primary rectum tumors were associated with an increased risk of lung metastasis (Table 3) .
From the multivariate analysis, only the presence of synchronous metastasis (P = 0.003, RR (relative risk): 2.92) and liver metastasis (P = 0.008, RR: 2.65) independently influenced the survival curve of the patients, whereas the presence of the KRAS gene mutation did not have any significant effect (P = 0.078) ( Table 4 ).
The mean OS was 58.73 months (45.76 to 71.7 months), with a median of 67 months in the patients with wild-type KRAS; and 41.95 months (32.92 to 50.98 months) with a median of 39 months in the patients with mutated KRAS; and the difference between them was not significant (P = 0.407). In absolute terms, the patients with wild-type KRAS lived longer compared to those with mutated KRAS (Fig. 1) .
The mean survival time did not differ as a function of the mutation site, namely, codon 12 or 13 of the KRAS gene. The mean survival was 43.74 months (33.89 to 53.6 months) and the median survival was 61 months in patients with a mutation in codon 12, compared with a mean survival of 33.42 months (26.39 to 40.46 months) and a median survival of 38 months in patients with a mutation in codon 13 (P = 0.651), (Fig. 2 ).
Discussion
The incidence and mortality rates of colorectal cancer are high, especially among older adults, and recent research has focused on the identification of predictive and prognostic biomarkers. Within this context, the KRAS gene bears significant predictive value relative to the use of anti-EGFR therapies in colorectal neoplasms. According to the literature, KRAS mutations occur in 35 to 45% of tumors [10] , consistent with the results of the present study (49.2%).
The concordance between the KRAS mutation profile of the primary tumor and the profile of the corresponding metastases is high (90%), suggesting that these active somatic mutations are acquired early during carcinogenesis and before metastasis. In the present study, the KRAS status was investigated only in the primary tumor specimens [17] [18] [19] .
KRAS mutations occur more often in codon 12, where they typically consist of the replacement of glycine by aspartate (G/A-30.6%) followed by the glycine-to-valine mutation (G/T-23.4%), and in codon 13, where they consist of a glycine-to-aspartate replacement (G/A-16.7%) [18] . The results of the present study thus agree with the reports in the literature, as the most frequent replacement found was G/A (62.5%), followed by G/T (34.3%), in codons 12 and 13 of the KRAS gene [20] .
The current literature and large historical series discuss the possible correlation between particular nucleotides involved in missense mutations and the clinical and pathological features of the disease. G/C, G/A and G/T replacements might be correlated with the various histological tumor subtypes. Point mutations in codon 12 (nucleotide changes resulting in the formation of the amino acid valine) are associated with the production of mucinous tumors and with lower OS and DFS [20] . G/T mutations result in lower OS and DFS rates [13, 21, 22] . The types of mutations and particular amino acids that are predictive of relapse and metastasis sites have not yet been fully elucidated.
No significant correlation was found between the clinical (gender, ECOG, perforated/obstructive acute abdomen, tumor stage, lung or liver metastasis, primary tumor site) and pathological (histological type, LNR) features and KRAS mutation status. These findings are consistent with the results of other studies [13] [14] [15] [21] [22] [23] . In the RASCAL study and the study conducted by Rako et al (2012) , the frequency of poorly differentiated tumors was lower among the mutated KRAS tumors [13, 23] . In the present study, age less than 65 years (P = 0.046) was significantly correlated with the presence of KRAS mutation, whereas wild-type KRAS was more frequently observed among patients older than 65 years of age. Conversely, the abovementioned studies did not observe any correlation between age and KRAS mutation status, and age was not considered an independent prognostic factor.
The presence of synchronous or metachronous metastasis did not exhibit a significant correlation with the KRAS mutation status. Nevertheless, synchronous metastases were more frequently observed in mutated KRAS tumors, thereby denoting a more aggressive form of the disease (P = 0.051). Some authors reported a significant correlation between the degree of cell differentiation (well and moderately differentiated) and the KRAS mutation status (mutated), suggesting the relevance of the KRAS signaling pathway in cell differentiation [14, 21] .
Tie et al conducted a study with 160 patients and found an association between the presence of mutations in codon 13 and non-mucinous histology, lymph node metastases, and Dukes' stage C/clinical stage III [14] . The mutations in codon 12 were associated with mucinous tumors, thereby suggesting that the mutation might preferentially influence the signal transduction pathway involved in the regulation of mucin production, although the relationship between the mutation and the regulation of cell proliferation has not yet been proven. The univariate analysis revealed that infiltrating tumor growth, absence of peritumoral lymphocyte infiltration, and the presence of lymph node metastases were independent predictors of poor prognosis. From the multivariate analysis, advanced Dukes' stage, tumors with high aneuploidy, and mutated KRAS codon 13 were the most significant prognostic factors [14] .
Some studies have reported an association between the KRAS mutation status and resistance to treatment with anti-EGFR tyrosine-kinase inhibitors (cetuximab and panitumumab). The prognostic value of the KRAS mutation status has not yet been well established in the literature, and the results of studies are conflicting [12-15, 21, 24] . In the RAS-CAL study, multivariate analysis revealed that tumors with mutated KRAS exhibited a greater risk of relapse (P < 0.001) and death (P = 0.004). The CALGB 89803 group compiled the data from 508 patients with colorectal adenocarcinoma stage III and did not find any prognostic association between KRAS mutation status and relapse (P = 0.89) or OS (P = 0.56) [24] .
The OS curves in the present study exhibited a non-significant difference between the patients with wild-type and mutated KRAS (P = 0.407). This fact might be due to the small sample size, which may not have allowed for the identification of a possible association between mutated KRAS and poor prognosis.
Among the patients with mutated KRAS, the survival curves differed as a function of the mutation site, namely, codon 12 or 13. Survival was worse in patients with mutations in codon 13.
In the RASCAL study, which was designed to assess the effect of the phenotypic expression of the KRAS mutation subtypes, only one specific mutation in codon 12 (glycineto-valine replacement, present in 9% of the colorectal tumors) was associated with poor outcomes (30% increase in relapse and death). These findings might be explained by the existence of various pathways of carcinogenesis resulting from different KRAS mutations (codons 12 and 13), thereby resulting in dissimilar outcomes [8, 13, 21] .
In disagreement with the literature, the present study did not identify an association between KRAS mutation status and the primary tumor site (colon or rectum) or the localization of the lung and liver metastases. According to some series, the presence of mutated KRAS is predictive of lung metastases in patients with primary colon tumors [15, 18, 19] . From the regression analysis, the KRAS mutation status (mutated or wild) did not influence the likelihood of liver metastasis (P = 0.673); however, when the colon was the primary site, the likelihood of liver metastasis was greater, whereas the likelihood of lung metastasis was higher in the case of primary rectal tumors.
Local or distant relapse is directly related to the biological behavior of the tumors, whereas doubts exist as to the relevance of the primary tumor mutation profile to the relapse site. The available data remain limited and suggest that KRAS mutations tend to be more prevalent in lung (58%) compared with liver (32%) metastases [19] . Recent data compiled from a large series of studies suggest that KRAS mutations in the primary tumor might be associated with an increased risk of lung and brain metastases but bear no correlation with the risk of liver metastasis. Patients with wildtype KRAS exhibit a decreased risk of lung metastasis compared with liver metastasis [18, 19] .
In some case series, multivariate analysis revealed that KRAS mutations, the presence of liver metastasis, and the tumor degree of differentiation are independent predictors of poor prognosis, whereas other series did not find any association between the clinical and pathological tumor features and KRAS mutation status [22, 23, 25] . In the present study, multivariate analysis identified synchronous metastasis and liver metastasis as independent predictors of poor prognosis, whereas the KRAS mutation status did not influence the prognosis of the study population (P = 0.078).
An analysis of the KRAS mutation site as a possible prognostic biomarker was not performed in the present study due to the small sample size. The clinical outcomes of colorectal cancer vary as a function of the location of the mutation in either codon 12 or 13, thereby suggesting that carcinogenesis might follow different pathways depending on the mutation site [13, 15, [20] [21] [22] .
An analysis of the results indicated different clinical features and outcomes between the colorectal cancer patients with wild-type and mutated KRAS. The literature does not provide evidence on the prognostic and/or predictive relevance of the KRAS mutation. In theory, the predictive value of the KRAS gene relative to the relapse and prognosis of colorectal adenocarcinoma is most likely associated with highly specific mutations involving nucleotide changes distributed along the codons, which result in the production of different amino acids, persistent protein Ras activity, and the amplification of this signaling pathway, even in the absence of effectors and regulators of extracellular stimulation. The degree of GTPase activity and the ability of KRAS to interact with regulators and effectors are suggested to vary as a function of the duration and intensity of the transduction signaling activation, resulting in a more persistent state of Ras protein activation and altering the balance between cell differentiation and proliferation, thereby promoting aggressiveness that may facilitate carcinogenesis.
Studies employing genetic silencing of KRAS in cell culture and experimental models might contribute to a better understanding of this relevant pathway (Ras pathway) of colorectal carcinogenesis, whereas multicenter studies with large samples might elucidate the doubts related to the clinical use of the KRAS mutation status. The search for biomarkers is of paramount importance in the stratification of the risk of relapse and metastasis as well as in the assessment of the response to treatment, allowing for individualized therapies and the clinical and radiological monitoring of high-risk patients.
Conclusions
Mutated KRAS was observed in approximately 49.2% (32 patients) of metastatic colorectal cancer in a patient sample comprising 65 individuals.
Multivariate analysis revealed that synchronous metastasis (P = 0.003) and liver metastasis (P = 0.008) behaved as independent factors associated with poor survival.
The KRAS mutation status did not behave as a prognostic factor in the study sample (P = 0.0078).
